One-neutron knockout reactions of [24][25][26][27][28] Ne in a beryllium target have been studied in the Fragment Separator (FRS), at GSI. The results include inclusive one-neutron knockout cross-sections as well as longitudinal-momentum distributions of the knockout fragments. The ground-state structure of the neutron-rich neon isotopes was obtained from an analysis of the measured momentum distributions.
One-neutron knockout from [24] [25] [26] [27] [28] 
Introduction
In recent years, the N ∼ 20 neutron-rich region of the nuclear landscape has been in the focus of numerous experimental studies, since indications of new structural phenomena such as the disappearance of the N = 20 magicity, observed for sodium and magnesium isotopes [1, 2] , have been found. Different models have attempted to explain the vanishing of the N = 20 shell closure, some of them based on proton-hole intruder states that originate what is known as the island of inversion. Monte Carlo Shell Model calculations [3, 4] allowing the mixing of sd and pf configurations (SDPF-M) provide a reasonable description of the experimental data and predict a wider island of inversion, with the appearance * Corresponding author. Tel.: +34 981563100 13627; fax: +34 981521091.
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of ground-state intruder configurations at N = 18 and low-energy intruder states up to N = 17. The vanishing of magicity at N = 20 has also been related to a new shell gap at N = 16 that occurs for nuclei far from stability [5] . The exotic doubly magic nucleus 24 O is a well-known example, where a recent demonstration of an almost pure 1s 1/2 state [6] and the determination of the resonance energy of the lowest lying state, interpreted as the 2 + level, beautifully confirm its magicity [7] . The proximity of [24] [25] [26] [27] [28] Ne isotopes to the island of inversion justifies the investigation of their structure. Earlier experiments carried out for 25, 26 Ne are consistent with calculations in the sd space (USD) and show no evidence of any anomalous behaviour [8] [9] [10] [11] . However, when more neutrons are added, SDPF-M calculations [3] are needed to reproduce the experimental data. This is the case for the 3/2 − level of 27 Ne at 765 keV [8, 9, 12] and the first excited state of 28 Ne, located at 1293 keV, with I π = 2 + [11, 12] . We especially point to the work carried out by Terry et al. [9] , where ex- In the work presented here, the ground states of [24] [25] [26] [27] [28] Ne were explored by means of one-neutron knockout reactions at relativistic energies. The use of a Be target ensured a negligible contribution from Coulomb dissociation. In the high-energy regime, stripping reactions dominate the process [13] and the measurement of the longitudinal-momentum distribution of the knockout fragments was used to identify the orbital angular momentum of the removed neutron. The one-neutron knockout cross-section was also evaluated in order to obtain additional information.
Experiment
The experiment was performed in the Fragment Separator (FRS) [14] , at GSI (Darmstadt, Germany) [15] . A fully ionised 40 Ar primary beam was accelerated in the SIS heavy ion synchrotron up to 700 MeV/nucleon and directed towards a 4 g/cm 2 Be target located at the entrance of the FRS, where, via fragmentation reactions, a cocktail of exotic neutron-rich projectiles was produced. The mean intensity was around 10 10 Ar-ions/spill, for spills produced within a 20 s period and a length fluctuating between 4 and 6 s. Fig. 1 shows a schematic view of the detector arrangement in the FRS. The neutron-rich projectiles were separated and identified in the first half of the spectrometer, F0-F2. Then, the one-neutron knockout reaction took place at the intermediate focal plane, F2, in a 1720 mg/cm 2 Be target and the analysis of the knockout fragments was performed in the second part of the FRS, F2-F4. The experimental setup allowed a clean selection of the reaction channel based on the identification of both the projectile and knockout fragment. For that purpose, the charge of the nuclei was measured in ionisation chambers (MUSIC). Since the nuclei were fully ionised, the obtained charge was equal to the atomic number. The mass-to-charge ratio was determined from the magnetic rigidity, Bρ = γ m 0 βc/q, and the velocity of each nucleus, β, in order to complete the identification. The Bρ calculation was based on position measurements at the intermediate and final focal planes (TPC) and the velocity was obtained from the time of flight between scintillators (SCI1-SCI2 and SCI2-SCI3).
Physical observables
Two inclusive observables were determined in this experiment: the one-neutron knockout cross-section and the longitudinalmomentum distribution of the A − 1 fragments.
As illustrated in Fig. 2 , the calculation of the cross-section was based on the projectile and fragment identification. Twodimensional plots, Z versus A/Z, were used to select the projectile of interest and the corresponding one-neutron knockout fragment. In order to properly evaluate the number of one-neutron knockout events, two corrections were applied to the experimental data: (i) the limited transmission of the reaction products through the FRS was accounted for by means of MOCADI simulations [16] and (ii) the detection efficiency at the final focal plane was determined. The contribution of those reactions that did not take place in the Be target, but in the materials surrounding it, should also be accounted for. Such a task required dedicated sets of measurements with an empty target, which could only be performed for a reduced number of cases. They showed a reduction of 30 ± 10% in the cross-section values. However, the lack of experimental data for Ne isotopes prevented a more accurate calculation.
In the high-energy regime, the one-neutron knockout channel is dominated by stripping reactions [13] , where the last neutron is absorbed in the target and the A − 1 core fragment is the sole In general, for a given A X nucleus at F2, the corresponding A-1 X fragment at F4 was selected.
particle in the final state. Within this context, the momentum distribution of the fragment is usually identified with the groundstate distribution of the removed nucleon inside the projectile. This interpretation assumes that the target is transparent to the core fragment and is commonly called the transparent limit of the Serber model [17] . However, the core survival implies that only the outer part of the wave function is sampled with this technique [18, 19] and the observed momentum distributions are mainly determined by the asymptotic form of the wave function (r → ∞), which, for a neutron with angular momentum l, can be written as follows:
Here, θ and φ are the polar and azimutal angles, r is the module of the vector that connects the centre of mass of the core with the valence nucleon and h l (iκr) represents the first spherical Hankel function. The parameter κ can be expressed in terms of the neutron-separation energy, S n , and the reduced mass of the coreneutron system, μ, as κ = √ 2μS n . Momentum components transversal to the beam direction are much more affected by the reaction mechanism than the longitudinal one, which is regarded as a better way of exploring the projectile structure [20, 21] . In order to obtain the probability distribution in the momentum space along the longitudinal z axis, the square Fourier transform of the wave function must be integrated over the transverse coordinates. One then obtains analytical expressions for the lowest angular momenta. A detailed description of this calculation can be found in Refs. [18, 19] . The relevant components for the isotopes studied in this work are l = 0 and l = 2 and the associated longitudinal-momentum distributions, in terms
, are given by:
where K 0-3 represent modified Bessel functions and their argument ξ is defined by Eq. (4)
The requirement of fragment survival is accounted for by means of x 0 , interpreted as a lower cut-off on the impact parameter.
Eqs. (2)- (3) depend simply on the neutron-separation energy and on the selected cut-off parameter. They provide a useful tool for identifying the orbital angular momentum of the removed neutron because s and d waves can easily be distinguished from each other due to the significant difference in their characteristic widths. Table 1 summarises the one-neutron knockout cross-sections and the widths of the longitudinal-momentum distributions measured in the present experiment. According to the shell model, the last neutron of 24-28 Ne isotopes would be described as 0d 5 information that provides us with a rough identification of l = 0 and l = 2 components participating in the configuration of those ground states, the experimental momentum distributions were carefully analysed using Eqs. (2)- (3). A simplified structure of the neon isotopes was assumed, uniquely based on two different
Results
configurations, where I π and E refer to the spin-parity and to the excitation energy of the core and l is the orbital angular momentum of the coupled neutron. On this basis, an admixture of two dN l /dk z components, each representing a core ⊗ neutron configuration, was used to fit the experimental momentum distributions and determine the ground state configuration of the projectiles. Calculations were done for several values of the cut-off parameter, x 0 , looking for the minimum χ 2 and the best description of the experimental data. Fig. 3 gives an example of the quality of the fits.
The previous procedure provides the relative admixture of the selected dN l /dk z components. Results are summarised in Table 2 for the present analysis. The general trend of 24-26 Ne isotopes is now expressed in a quantitative manner and clearly reflects the change from l = 2 to l = 0 configurations that takes place at N = 15. In the case of 27,28 Ne, with N = 17 and 18, an enhancement of the l = 2 component was expected due to the population of the 0d 3/2 neutron orbital. However, as illustrated in Fig. 4 and In the work presented here, 26,28 Ne projectiles were described as the contribution of the ground state and the most probable excited level of the core [9] . This is a simplified picture that can be used to determine the role of excited core states in the projectile but does not distinguish between them. The comparison with the results given by Terry et al. should then be restricted to the 
Table 2
Calculated core ⊗ neutron contributions in the ground state of [24] [25] [26] [27] [28] Ne. The lower cut-off for the impact parameter, x 0 , is also included. E core and I π core are the excitation energy and the spin-parity of the core fragment, l represents the orbital angular momentum of the coupled neutron and S n corresponds to the standard one-neutron separation energy in the projectile [22] plus the excitation energy of the core. population of the core ground state in 26 Ne and 28 Ne one-neutron knockout, which, according to the present data, occurs with probabilities of 59 ± 3 and 16 ± 8%, respectively. Despite of using a different approach, there is an agreement between our results for the population of the core ground state and the 43% ( 26 Ne) and 32% ( 28 Ne) that are reported in Ref. [9] .
Conclusions
The results presented here clearly show an enhancement of the 1s 1/2 admixture in the ground state of 25,26 Ne, with N = 15 and 16. However, 27,28 Ne do not behave as expected. The valence neutron occupies a 1s 1/2 level rather than 0d 3/2 and is coupled to an excited state of the core. In order to study the structure of [24] [25] [26] [27] [28] Ne projectiles in more detail, the measured momentum distributions were analysed on the basis of a simple theoretical model. Calculations included the orbital angular momentum of the removed neutron, its separation energy and a lower cut-off that acts on the impact parameter and ensures the core survival. A simplified picture of the projectile that accounted for only two possible core ⊗ neutron configurations was assumed and allowed to quan- 
